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(57) ABSTRACT

A rotary-wing aircraft may include a rotor system compris-
ing, a gear module including, a servo having an output shatt
linearly moveable along a second axis, a rotating pitch
change shaft that rotates about the second axis, a pitch
change assembly for coupling linear movement of the output
shaft to rotational movement of the pitch change shaft, the
pitch change assembly including, a flexible rod movable
along the second axis, the flexible rod including a first end
having a plate fixedly coupled with the output shait and a
second end operably coupled with the pitch change shatt, the
second end disposed within the rotating pitch change shatt,
and a bearing having a rotational outer surface coupled for
rotation with the pitch change shait and a non-rotating inner
surface operably coupled with the flexible rod for linear
movement.

20 Claims, 4 Drawing Sheets
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1
HELICOPTER PITCH CONTROLS

STAITEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

This mnvention was made with U.S. Government support

under Agreement No. W911W6-19-9-0005 awarded by the
U.S. Army. The Government has certain rights 1n the inven-

tion.

FIELD OF INVENTION

Exemplary embodiments relate to a rotary-wing aircratt,
and more particularly, to a pitch change shaft assembly for
use with a rotary-wing aircratt.

BACKGROUND

In a rotary wing aircraft, such as a helicopter for example,
a tail rotor system converts tail driveshaft rotary power into
the aecrodynamic forces necessary to control the direction of
flight and to counteract main rotor torque.

A tail rotor head system provides a mounting point for
connecting a plurality of tail rotor blades to a blade pitch
change mechanism. The pitch of the tail rotor blades 1is
controlled by a position of a tail rotor pitch change shaft. The
position of the pitch change shait 1s controlled by a pitch
change servo. When the pitch change servo pulls the pitch
change shaft inboard, the pitch beam and the pitch change
links twist the tail rotor blades about internal elastomeric
bearings to increase the blade pitch. Conversely, when the
pitch change servo permits the pitch change shaft to move
outboard, the pitch change shaft bearing and the pitch
change links twist the tail rotor blades about internal elas-
tomeric bearings to decrease blade pitch. This adjustment in
the blade pitch 1s used to control a turning direction of the
aircraft.

The pitch change shaft rotates with and moves linearly
within a rotating tail rotor shait, also commonly referred to
as an output gear shait. A pitch change bearing supports the
pitch change shait within the tail rotor shaft and allows the
pitch change shait and tail rotor shaft to rotate independently
of the non-rotating pitch change servo rod. In a typical
arrangement, the pitch change shait bearing outer raceway
rotates with the pitch change shait and the tail rotor shaft,
while the 1nner raceway 1s non-rotating but moves linearly
with the pitch change servo rod.

SUMMARY

One embodiment provides a rotary-wing aircrait includ-
ing: a main rotor gearbox; a rotor assembly rotatable about
a first axis to provide lift; and a secondary rotor system
rotatable about a second axis that 1s substantially perpen-
dicular to the first axis, the secondary rotor system includ-
ing, a gear module driven by the main rotor gearbox, the
gear module including, a servo having an output shaft
linearly moveable along a second axis, a rotating pitch
change shaft that rotates about the second axis, a pitch
change assembly for coupling linear movement of the output
shaft to rotational movement of the pitch change shatt, the
pitch change assembly including, a flexible rod movable
along the second axis, the flexible rod including a first end
having a plate fixedly coupled with the output shait and a
second end, the second end disposed within the rotating
pitch change shait, and a bearing having a rotational outer
surface coupled for rotation with the pitch change shaft and
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2

a non-rotating inner surface operably coupled with the
flexible rod for linear movement.

Another embodiment provides a rotor system for use 1n a
rotary-wing aircraft, the rotor system including: a gear
module including, a servo having an output shait linearly
moveable along an axis, a rotating pitch change shaft which
rotates about the axis, a pitch change assembly for coupling
linear movement of the output shait to rotational movement
of the pitch change shaft, the pitch change assembly includ-
ing, a flexible rod movable along the axis, the flexible rod
including a first end having a plate fixedly coupled with the
output shaft and a second end operably coupled with the
pitch change shait, and a bearing having a rotational outer
surface coupled for rotation with the pitch change shaft and
a non-rotating inner surface operably coupled with the
flexible rod for linear movement, wherein the bearing 1s the
only bearing in the pitch change assembly.

Another embodiment provides a gear module including: a
servo having an output shaft linearly moveable along an
axis; a rotating pitch change shaft which rotates about the
axis, a pitch change assembly for coupling linear movement
of the output shaft to rotational movement of the pitch
change shaft, the pitch change assembly including, a flexible
rod movable along the axis, the flexible rod including a first
end having a plate fixedly coupled with the output shait by
a plurality of fasteners, and a bearing having a rotational
outer surface coupled for rotation with the pitch change shatt
and a non-rotating inner surface operably coupled with the
flexible rod for linear movement, wherein the plate imparts
a moment on the output shatt.

Other aspects will become apparent by consideration of
the detailed description and accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts a perspective view ol an example of a
rotary wing aircratit.

FIG. 2 depicts a perspective view ol a gear module of a
secondary rotor system of the rotary wing aircraft of FIG. 1.

FIG. 3 depicts a cross-sectional view of the gear module
of FIG. 2.

FIG. 4 depicts a cross-sectional view of a pitch change
assembly of the gear module of FIG. 2.

DETAILED DESCRIPTION

Before any embodiments are explained 1n detail, 1t 1s to be
understood that the embodiments described herein are pro-
vided as examples and the details of construction and the
arrangement ol the components described herein or 1llus-
trated 1n the accompanying drawings should not be consid-
ered limiting. Also, it 1s to be understood that the phrase-
ology and terminology used herein 1s for the purpose of
description and should not be regarded as limited. The use
of “including,” “comprising” or “having” and vanations
thereof herein 1s meant to encompass the items listed there-
alter and equivalents thereof as well as additional items. The
terms “mounted,” “connected” and “coupled” are used
broadly and encompass both direct and indirect mounting,
connecting and coupling. Further, “connected” and
“coupled” are not restricted to physical or mechanical con-
nections or couplings, and may include electrical connec-
tions or couplings, whether direct or indirect. Also, elec-
tronic communications and notifications may be performed
using any known means including direct connections, wire-
less connections, and the like.
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Typical pitch change assemblies require multiple bearings
to support a rod between a servo and a pitch change shatt.
The multiple bearings are typically required on each end of
the rod to prevent axial misalignment while changing the
pitch of aircraft blades. Including one bearing on each end
of the rod prevents axial misalignment due to deflection and
tolerance stackup. Such a rod has a large diameter on each
end, thereby limiting the size of the bearings by requiring an
inner race of the bearing to be big enough receive the outer
diameter of the rod to aid 1n axial misalignment. This drives
up the weight of the entire pitch change assembly due to the
large sizing of the pitch change shaft, the bearings, and any
housing surrounding the pitch change assembly, as defined
by the size of the pitch change shaft bearing.

Exemplary embodiments address these 1ssues by provid-
ing the required functionality of a pitch change assembly
while also eliminating the large size of the bearings that are
often used to retain parts together. The pitch change assem-
bly includes a flexible rod with a smaller outer diameter.

With the implementation of a more flexible rod, the pitch
change assembly no longer requires multiple bearings.
Rather, only one bearing 1s needed, reducing the number of
parts and the weight of the design. With the elimination of
the large outer diameter, the remaining bearing 1s no longer
limited by the outer diameter of the flexible rod, thereby
allowing for a smaller bearing to be used. The smaller
bearing size shrinks the overall system envelope and weight.
The reduced number of parts also allows for reduced pro-
duction cost and reduced development time. As such, the
exemplary embodiments described herein provide a light-
weight solution, that reduces production costs while also
increasing reliability of the system.

Shown 1n FIG. 1 1s a schematic view of an embodiment
of a rotary wing vertical takeofl and landing (VTOL) air-
craft. The aircraft 10 in the disclosed, non-limiting embodi-
ment includes a dual, counter-rotating, coaxial main rotor
system 12 supported by an airframe 14 having an extending
tail 16. The airframe 14 mounts a secondary rotor system 18.
In the illustrated embodiment, the secondary rotor system 18
1s a translational thrust system or propulsor system {for
providing translational thrust (forward or rearward) to the
aircrait 10. However, 1n other embodiments, the secondary
rotor system 18 may be an anti-torque system or tail rotor
system, such as those used 1n aircrait having a single main
rotor system.

The main rotor system 12 1s driven about an axis of
rotation A through a main rotor gearbox (MGB) 20 by one
or more engines (not shown). The engines generate the
power available for flight operations and couples such power
to the main rotor system 12 and the secondary rotor system
18 through the MGB 20. The main rotor system 12 includes
an upper rotor assembly 11 driven 1n a first direction (e.g.,
counter-clockwise) about the main rotor axis A, and a lower
rotor assembly 13 driven 1n a second direction (e.g., clock-
wise) about the main rotor axis A, opposite to the first
direction (i.e., counter-rotating rotors). Each of the upper
rotor assembly 11 and the lower rotor assembly 13 includes
a plurality of rotor blades 24 secured to a rotor hub 26.

The secondary rotor system 18 1s located at the tail 16 and
includes a propeller 19 with a plurality of propulsor blades
15 and an auxiliary or propulsor gear module 18T operably
coupled to the engines by a propulsor drive shaft 21. A prop
take-ofl portion 22 of the MGB 20 1s connected to the
propulsor drive shaft 21 and 1s an output gear of the MGB
20 to drive the propulsor gear module 18T and rotate the
propeller 19 to generate thrust. In the illustrated embodi-
ment, the main gearbox 20 transfers power from the engines
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to the main rotor system 12 and the secondary rotor system
18. Although a particular helicopter configuration 1s 1llus-
trated and described in the disclosed embodiment, other
configurations and/or machines, such as high speed com-
pound rotary-wing aircrait with supplemental translational
thrust systems, dual contra-rotating, turbo-props, tilt-rotors
tilt-wing aircraft and non-aircraft applications such as wind
turbines or any application with a critical bearing of the
configuration described herein will also benefit here from.

FIGS. 2 and 3 illustrate the secondary rotor system 18
according to one embodiment and including a gear module
18T driven by the main gearbox 20. The gear module 18T
generally includes a housing 30, a propulsor rotor 32 having
s1X blades mounted thereon at a mounting location 17, a
rotor drive shait 34, propulsor controls 35, a pitch change
shaft 36, a drive gear (not shown), a pitch change assembly
40 and a pitch change servo 42. The secondary rotor system
18 and the rotor drive shait 34 are each supported for
rotation about an axis of rotation C. In the present embodi-
ment, the rotor drive shait 34 is integral with the propulsor
rotor 32, but 1n other embodiments the rotor drive shaft 34
and the propulsor rotor 32 may be separate pieces. The drive
gear engages a shaft gear 48 to rotate the rotor drive shaft 34
and the attached propulsor rotor 32. The pitch change shatt
36 rotates with the rotor drive shaft 34 about the axis of
rotation C, but serves no significant power transmission
function. In some embodiments, the gear module 18T and
the pitch change assembly 40 may be used with the main
rotor system 12 of the aircrait to control pitch of the rotor
blades 24; however, for the purposes of this discussion we
will focus on 1ts implementation with the secondary rotor
system 18.

The pitch change shaft 36 rotates with and moves linearly
within the rotating rotor drive shaft 34. As shown, the pitch
change assembly 40 may include a single bearing 30 that
allows the pitch change shaft 36 to rotate independently of
a tlexible rod 43 coupled to an output shait 41 of the servo
42. However, in other embodiments, the pitch change
assembly 40 may include one or more roller bearings,
including but not limited to cylindrical, tapered, spherical, or
ball bearings, or any other bi-directional (push-pull) bearing
arrangement. During normal operation, the bearing 50 1is
operational to transmit linear movement from the flexible
rod 43 to the pitch change shaft 36.

An outer surface or race 57 of the bearing 50 rotates with
the pitch change shait 36 while an inner surface or race 38
of the bearing 50 1s non-rotating and 1s coupled to the
flexible rod 43 for linear movement via the servo 42.
Through this engagement with the bearing 50, the tail rotor
pitch change shait 36 slides along the axis of rotation C in
response to actuation of the servo 42 to change the pitch of
the propulsor rotor 32 and the propulsor blades 135 attached
thereto and thus reduces or increases the thrust of the
secondary rotor system 18. This adjustment 1in the propulsor
blade 15 pitch 1s configured to control forward and reverse
thrust of the aircrait. In embodiments in which an anti-
torque system 1s used, an adjustment 1n the blade 15 pitch
may instead control a turning direction of the aircratt.

The pitch change assembly 40 may further include a
sliding torsion bushing 199 that co-axially supports the pitch
change shaft 36 within the rotor drive shait 34 and rotation-
ally locks the pitch change shait 36 relative to the rotor drive
shaft 34. The sliding torsion bushing 199 may be configured
to allow the pitch change shait 36 to rotate with the rotor
drive shait 34 while allowing for the pitch change shaft 36
to transmit linearly within the rotor drive shait 34.
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In the illustrated, non-limiting embodiment, the bearing
50 1s an assembly formed from two bearings stacked
together. However, a bearing 50 having any number of
bearings, including a single bearing, two bearings, or more
than two bearings are also contemplated herein. The bearing
50 1ncludes a first end 132 and a second end 134. As shown,
the bearing 50 includes a first rolling element row 54 and a
second, substantially 1dentical rolling element row 56
stacked along an axis of the tlexible rod 43. An outer race 57
of the first and second roller bearings 34, 56 1s coupled to an
iner surface 59 of the rotatable pitch change shait 36. The
bearing 50 may be mounted to the flexible rod 43. It should
be understood that any suitable type of bearing 1s considered
within the scope of the disclosure.

Although the rolling elements 62 of each of the bearings
54, 56 are illustrated as ball bearings, 1t should be under-
stood that any suitable rolling element 1s within the scope of
the disclosure. In an embodiment, the number of rolling
clements 62 associated with the bearing 50 may be different
to produce a different acoustic or vibration frequency, for
purposes of fault-diagnostic capability. Alternately, the num-
ber of rolling elements 62 may be diflerent for diflerent
loading conditions or other design constraints and/or con-
siderations.

Shown 1n FIG. 4 15 a close-up cross-sectional view of the
pitch change assembly 40 including the flexible rod 43. The
flexible rod 43 has a thin outer diameter, allowing for radial
deflection and misalignment during operation. In other
words, the flexible rod 43 serves as a living hinge or spring
within the pitch change assembly 40. The flexible rod 43 1s
movable along the axis C and includes a first end 78 and a
second end 80. The first end 78 of the flexible rod 43
includes a large diameter plate 84. The plate 84 1s fixedly
coupled with the output shait 41 of the servo 42 via a
plurality of fasteners 88. In the illustrated embodiment, the
tasteners 88 are bolts; however, the fasteners could be any
type of fastener (e.g., screw, etc.). The plate 84 1s fixedly
coupled with the output shait 41 to provide continuous linear
positioning and linear motion capability while the flexible
rod 43 1s experiencing deflection.

The second end 80 of the flexible rod 43 1s disposed
within a portion of the rotating pitch change shaft 36.
Additionally, an o1l dam 92 1s disposed between the second
end 80 of the flexible rod 43 and the rotating pitch change
shaft 36. Specifically, the o1l dam 92 surrounds the second
end 80 and 1s partially disposed within the pitch change shaftt
36 to prevent o1l used for lubricating the bearing 50 from
entering the pitch change shait 36.

The second end 80 of the tlexible rod 43 1s configured to
receive a first fastemng mechanism 110. In the illustrated
embodiment, the first fastening mechanism 110 1s a nut
threaded to the second end 80. In other embodiments, the
first fastening mechanism 110 may be a retaining ring
configured to handle axial loading along axis C or any other
tastener of the like. The second end 80 of the flexible rod 43
turther includes a shoulder 100. The shoulder 100 abuts a
bearing shaft 96 that operably couples the bearing 50 and the
flexible rod 43. The bearing shait 96 1s disposed between the
01l dam 92 and the second end 80 of the flexible rod 43. The
bearing shaft 96 1s cylindrical 1in shape and includes an inner
diameter portion 118 and an outer diameter portion 122. The
inner diameter portion 118 surrounds the shoulder 100 and
a portion of the second end 80 of the tlexible rod 43. The
bearing shaft 96 further includes a small diameter end 108
that abuts the shoulder 100 on a first side and abuts the first
fastening mechanism 110 on a second side and acts as the
diametral pilot or positioning feature on the second end 80
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of the flexible rod 43. In other words, the bearing shait 96
1s held 1n place axially with respect to the flexible rod via the
shoulder 100 and the first fastening mechanism 110.

The outer diameter portion 122 of the bearing shaft 96 1s
coupled with the inner race 38 of the bearing 50. In the
illustrated embodiment, the bearing shaft 96 includes an
outer shoulder 126 that abuts the inner race 58 of the bearing
50. The outer diameter portion 122 of the bearing shaft 96
1s configured to receive a second fastening mechanism 130.
The second fastening mechanism 130 1s a nut threaded to the
outer diameter portion 122 of the bearing shaft 96. In other
embodiments, the second fastening mechanism 130 may be
a retaining ring or any other fastener of the like. Accord-
ingly, the inner race 58 of the bearing 50 abuts the outer
shoulder 126 of the bearing shait 96 on the first end 132 and
abuts the second fastening mechanism 130 on the second
end 134. In other words, the 1nner race 58 of the bearing 50
1s axially coupled to the bearing shait 96 via the second
fasteming mechanism 130 and the outer shoulder 126.

During normal operation, shown 1n FIG. 3, the servo 42
moves the flexible rod 43 linearly along 1ts axis C. Axial
movement of the flexible rod 43 1s transmitted to the first and
second bearings 54, 56 of the bearing 50 via engagement of
the first fastening mechanism 110 and the second fastening
mechanism 130. Because the outer race 37 of the first and
second bearing 54, 56 1s coupled to the pitch change shait
36, this axial movement of the bearings 54, 56 1s transmitted
to the pitch change shaft 36 thereby twisting the blades 15
about their individual axes to change the blade 15 pitch.

Various features and advantages of the embodiment
described herein are set forth in the following claims.

What 1s claimed 1s:

1. A rotary-wing aircraft comprising:

a main rotor gearbox;

a main rotor system rotatable about a first axis to provide
l1ift; and

a secondary rotor system rotatable about a second axis
different from the first axis, the secondary rotor system
comprising,
a gear module driven by the main rotor gearbox, the

gear module 1including,

a servo having an output shaft linearly moveable
along the second axis,

a rotating pitch change shaft that rotates about the
second axis,

a pitch change assembly for coupling linear move-
ment of the output shaift to rotational movement of
the pitch change shaftt, the pitch change assembly
including,

a flexible rod movable along the second axis, the
flexible rod-including a first end having a plate
fixedly coupled with the output shait and a second
end operably coupled with the pitch change shatt,
the second end disposed within the rotating pitch
change shaft, and

a bearing having a rotational outer surface coupled
for rotation with the pitch change shaft and a
non-rotating inner surface operably coupled with
the flexible rod for linear movement; and

rotor blades which rotate about the second axis to
provide thrust and whose pitch 1s changed about a
third axis according to motion of the pitch change
shatft.
2. The rotary-wing aircrait of claim 1, further comprising
a bearing shait surrounding the second end of the flexible
rod.
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3. The rotary-wing aircrait of claim 2, wherein the bearing,
shaft 1s coupled to the second end of the flexible rod by a first
fastener.

4. The rotary-wing aircrait of claim 2, wherein the bearing,
shaft includes an outer diameter portion coupled with the
inner surtace of the bearing by a second fastener.

5. The rotary-wing aircraft of claim 1, further comprising
an o1l dam surrounding the second end of the flexible rod.

6. The rotary-wing aircraft of claim 1, wherein the plate
1s coupled with the output shait by a plurality of fasteners.

7. The rotary-wing aircraft of claim 1, wherein the flexible
rod has a thin outer diameter, allowing for deflection during
operation.

8. The rotary-wing aircrait of claim 1, wherein the bearing,
allows the pitch change shait to rotate independently of the
flexible rod.

9. A rotor system for use 1 a rotary-wing aircrait, the
rotor system comprising:

a gear module driven by a rotor gearbox, the gear module

including,

a servo having an output shait linearly moveable along
an axis,

a rotating pitch change shait which rotates about the
axis,

a pitch change assembly for transforming linear move-
ment of the output shait to rotational movement of
the pitch change shaft, the pitch change assembly
including,

a flexible rod movable along the axis, the flexible rod
including a first end having a plate fixedly coupled
with the output shait and a second end operably
coupled with the pitch change shaft, and

a bearing having a rotational outer surface coupled
for rotation with the pitch change shait and a
non-rotating inner surface operably coupled with
the flexible rod for linear movement,

wherein the bearing 1s the only bearing in the pitch change

assembly; and

rotor blades which rotate about the axis and whose pitch

1s changed according to motion of the pitch change

shaft.

10. The rotor system of claim 9, further comprising a
bearing shait surrounding the second end of the tlexible rod.

11. The rotor system of claim 10, wherein the bearing
shaft 1s coupled to the second end of the flexible rod by a first
fastener.
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12. The rotor system of claim 10, wherein the bearing
shaft includes an outer diameter portion coupled with the
iner surface of the bearing by a second fastener.

13. The rotor system of claim 9, wherein the bearing 1s
operational to transmit linear movement from the flexible
rod to the pitch change shatft.

14. The rotor system of claim 9, further comprising an o1l
dam surrounding the second end of the flexible rod.

15. The rotor system of claim 9, wherein the plate 1s
coupled with the output shaft by a plurality of fasteners.

16. The rotor system of claam 9, wherein the bearing
supports the pitch change shait in a manner that allows that
pitch change shaft to rotate independently of the flexible rod.

17. A gear module comprising:

a servo having an output shait linearly moveable along an
axis;

a rotating pitch change shaft which rotates about the axis,

a pitch change assembly for coupling linear movement of

the output shait to rotational movement of the pitch
change shaft, the pitch change assembly including,

a flexible rod movable along the axis, the flexible rod
including a first end having a plate fixedly coupled
with the output shait by a plurality of fasteners and
a second end,

a bearing shatt surrounding a portion of the flexible rod,
the bearing shaft coupled with the second end of the
flexible rod by a first fastener, and

a bearing having a rotational outer surface coupled
for rotation with the pitch change shait and a
non-rotating inner surface operably coupled with
the flexible rod for-linear movement,

wherein an outer diameter portion of the bearing
shaft 1s coupled with the inner surface of the
bearing by a second fastener.

18. The gear module of claim 17, wherein the plate
imparts a moment on the output shaft.

19. The gear module of claim 17, wherein the bearing
includes a first roller bearing and a second roller bearing
stacked along an axis of the flexible rod.

20. The gear module of claim 17, wherein the bearing
supports the pitch change shaft in a manner that allows that
pitch change shatt to rotate independently of the flexible rod.
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